The increased availability of potent gastric acid antisecretory agents such as histamine H2-receptor antagonists and more recently the H+K+-ATPase inhibitors such as omeprazole and lansoprazole have made it possible to medically control acid secretion in ail patients. Increased understanding of the variation in antisecretory drug dosage between individual patients has led to identification of criteria to ensure effective antisecretory control and to the recognition of subgroups of patients who require special monitoring. Effective regimens for parenteral antisecretory control during surgery have been established. The importance of parathyroidectomy in patients with multiple endocrine neoplasia type I with ZES and the possible usefulness of highly selective vagotomy have been investigated. We review here the new data that led to increased understanding in each of these areas from our studies and studies by others.
In 1955 Zollinger and Ellison first described a syndrome characterized by fulminant peptic ulcer disease, marked hypersecretion of gastric acid, and non-beta islet cell tumors of the pancreas [1, 2] . In later years it was shown that these non-beta islet cell tumors were gastrinomas [3] [4] [5] , and the severe gastric acid hypersecretion and resultant acid-peptic disease were a consequence of autonomous secretion of gastrin by these tumors [3, 6, 7] . Historically, most patients with the ZollingerEllison syndrome (ZES) presented late in the course of their disease, commonly with widespread liver metastases and severe, often fatal peptic ulceration [2, 8] . Total gastrectomy was the only effective form of therapy for the control of gastric acid hypersecretion [1, 8, 9] , and it was often performed in an emergency setting with considerable perioperative mortality [10] .
Whereas surgical management is still indicated for treatment of the gastrinoma itself [11] [12] [13] [14] [15] [16] , in recent years medical management of gastric acid hypersecretion in patients with ZES has become increasingly successful and important, with the result that it is currently recommended that surgical therapy to control gastric acid hypersecretion is indicated only in certain specific situations, which are discussed below [11, 15] .
The increasing use of medical management came about as a result of a number of factors. The development of potent histamine H2-receptor antagonists and later H+K+-ATPase inhibitors made it possible to effectively control gastric acid output in the acute setting as well as during long-term follow-up in most patients with ZES [16] [17] [18] [19] [20] [21] . Because of a greater awareness of the disease and the development of reliable radioimmunoassays for serum gastrin determination, ZES is increasingly being diagnosed earlier in healthier patients prior to the development of metastases [11, 12] . Therefore increasing numbers of patients could benefit from possible curative resection of the gastrinoma. With the ability to control gastric acid secretion medically, detailed preoperative imaging studies could be done to attempt to localize the tumor. Furthermore, metabolic abnormalities and nutrition could be corrected prior to surgery, so surgery could be done electively under optimal conditions and directed at the tumor itself. In recent reviews tumor localization, the surgical approach to the tumor, and therapy of metastatic disease have been covered [11] [12] [13] [14] [15] [16] . This review focuses on the recent advances in the medical and surgical management of gastric acid hypersecretion in patients with ZES.
Medical Management of Gastric Acid Hypersecretion
The histamine H2-receptor antagonist metiamide and later cimetidine became available during the mid-1970s, and medical control of gastric acid secretion in patients with ZES was shown to be feasible soon afterward [17] [18] [19] [20] [21] [22] . Since then, both shortand long-term control of gastric acid hypersecretion with histamine H2-receptor antagonists has been shown to be effective (Table 1) [18, 20, 21, 23] . However, a number of reports bave described failures of histamine H2-receptor antagonists in up to 50% of patients treated [23] [24] [25] [26] [27] (Tables 1 and 2) .
It was not recognized initially that patients with ZES frequently require more than twice the daily dose of histamine H2-receptor antagonists needed for the treatment of idiopathic peptic ulcer disease, and some require more than rive times the Modified with permission of the publisher [15] . alsopropamide, propantheline, or pirenzepine was used in a few patients. ~ duration of treatment. CMean not determined, range given. dSix patients underwent total gastrectomy and were listed as having had drug failures, although secretion was reported to have been controlled before surgery. eMedian dose reported.
usual dose [12, 15, 19, 40] . Only by establishing a reliable criterion of acid control and providing sufficient antisecretory medication to achieve this degree of suppression could longterm medical therapy be successful in ail patients [19] . Twentyfour hour pli profiles, resolution of symptoms, and reduction of gastric hypersecretion to less than 10 mEq/hr for the hour prior to the next oral dose of antisecretory medication have been proposed as satisfactory criteria to determine adequate acid suppression [11, 12, 17, 28, 40, 41, 43] (Table 2) . Most investigators have found that the relief of symptoms is an unreliable guide to the effectiveness of therapy [12, 19, 26, 27, 42] . At present, the criterion of an acid output of less than 10 mEq/hr for the hour prior to the next dose of antisecretory medication in patients without previous gastric surgery or esophageal disease is used almost universally [15, 43] . With an H+K +-ATPase inhibitor such as omeprazole, as well as with ail histamine H2-receptor antagonists, this measurement has been shown to be a simple, safe, effective criterion [15, 36, 43, 49] . It not only allows healing of acute mucosal disease, it prevents the recurrence of mucosal abnormalities [12, 42] . To achieve this degree of control with histamine Hz-receptor antagonists, large doses are required and most patients have to take medication at 4-to 8-hour intervals [11, 12] . The single most important determinant of treatment failure is the lack of adequate suppression of acid secretion to an acceptable level because of an inadequate dose of antisecretory agent [19] (Table 2) . With the availability of long-acting antisecretory agents such as the H+K+-ATPase inhibitor omeprazole, medical management of gastric acid hypersecretion has become greatly simplified. Whether a histamine H2-receptor antagonist or, more recently, omeprazole is used, it has become clear that acid output can be safely and effectively controlled in virtually every patient, provided that sufficient medication is prescribed [12, 19, 36, 43] . Medical therapy is now the primary mode of treatment for gastric acid hypersecretion in patients with ZES [12, 40, 50] . Only in the rare patient who cannot or will not take oral antisecretory medication is a total gastrectomy necessary [15, 50] (Table 2) . Recent studies have demonstrated that patients with ZES with multiple endocrine neoplasia type I (MEN-I), esophageal disease, or partial gastric resection are more resistant to therapy and are discussed below.
Acute Management
Patients with ZES who present with severe electrolyte disturbances, gastrointestinal bleeding, or a surgical emergency require intravenous medication to rapidly reduce acid output to within safe limits. Studies show that intravenous cimetidine or ranitidine or, if available, intravenous omeprazole can control acid hypersecretion satisfactorily [45, 46, 51, 52] , but only if the appropriate dose is determined. One regimen that has been shown to be effective [51] is a bolus injection of 150 mg of cimetidine followed by a continuous infusion of cimetidine in Table 2 . Causes of failure to control acid output medically and methods to prevent failure.
Failure to use established criteria of eflicacy 1. Symptoms, 24 hour pli monitoring, and acid output during the last hour before the next dose of medication have been proposed [11, 12, 17, 28, 40, 41] . 2. Symptoms alone are unreliable to assess control of acid output [12, 26, 27, 42] . 3. Most widely accepted criterion is output <10 mEq/hr during the last hour before the next dose of medication [19, 26, 36, 43] . (<5 mEq/hr ff previous gastric surgery [44] .
Failure to use an adequate dose of antisecretory medication 1. Maximum dose arbitrarily set too low or failure to check adequacy of dose by established criteria. 2. Patients with ZES need higher doses than patients with idiopathic peptic disease. a. Parenteral therapy: Histamine H2-receptor antagonists are best given by continuous infusion [51] . Mean constant infusion requirement for cimetidine = 3.5 mg/kg/hr [51] . Range of requirements for ranitidine = 0.5-2.5 mg/kg/hr [45] . Omeprazole can be given by intermittent bolus dosing of 60-100 mg ql2h [46] . b. Oral maintenance therapy: Mean daily requirement for cimetidine 3600 mg [20] , ranitidine 1200 mg [20] , famotidine 250 mg [20] , and omeprazole 82 mg [36] . 3. Patients with ZES need more frequent administration of antisecretory medication than patients with idiopathic peptic disease.
a. Oral histamine Hz-receptor antagonists are frequently needed every 4 to 6 hours [1 l, 12] . Histamine H:-receptor antagonist dose requirements require upward adjustment about once a year [12, 36] . b. Omeprazole has to be given every 12 hours in approximately 25% of patients [47] .
Failure to recognize patient noncompliance 1. Inconvenient to take multiple doses at frequent intervals. 2. High-dose antisecretory medication is expensive. With appropriate counseling, most patients with ZES are compliant with medications.
Failure to recognize speciai circumstances in which very high doses are required 1. Severe reflux esophagitis: Gastric acid output must often be maintained <1 mEq/hr [48] . Often it can be achieved only with omeprazole [48] .
Previous gastric surgery:
Gastric acid output must be maintained <5 mEq/hr followed by repeat endoscopy to confirm healing of anastomotic lesions [44] .
MEN-I syndrome with hyperparathyroidism:
In the presence of hypercalcemia, acid output fluctuates and very high doses of antisecretory medications are required [11] . Best to use omeprazole 60 mg ql2h.
5% dextrose (Table 3) . It is not possible to predict the correct dose for an individual patient unless the previously effective oral dose of histamine H2-receptor antagonist is known; thus the appropriate dose must be determined by measuring acid output [45, 51, 54] . A typical starting dose of cimetidine is 3 mg/kg/hr (4050 mg/day for a 70-kg man) [51, 54] . A few hours after giving a bolus of 150 mg of intravenous cimetidine and starting the continuous intravenous cimetidine infusion at 3 mg/kg/hr, acid output should be checked; if it is more than 10 mEq/hr, the dose of cimetidine should be increased to 4 mg/kg/hr [51] . Acid output should be rechecked on the new dose and the dose then increased or decreased, depending on acid output (Fig. 1, top) . The dose may bave to be increased to up to 7 mg/kg/hr in an occasional patient (Fig. 2, top) . If acid output is still more than 10 mEq/hr, an anticholinergic agent such as propantheline should be given subcutaneously or intramuscularly every 6 hours [51, 53, 54] . Ranitidine is also effective [45, 52] ; if it is used instead of cimetidine, the starting dose should be 1 mg/kg/hr with the dose increased in 0.5-mg steps to 2 mg/kg/hr [45, 51, 53] (Table 3) . It has been shown that acid output in patients with ZES can be safely and effectively controlled using a continuous intravenous ranitidine infusion of 0.5 to 0.9 mg/kg/hr in 36% of patients, 1.0 to 1.4 mg/kg/hr in another 48%, and 1.5 to 2.5 mg/kg/hr in the remaining 16% for up to 11 days of treatment [45] . Intravenous antisecretory medication should be continued until oral antisecretory drug can be resumed. Intravenous omeprazole bas been studied in ZES patients going to surgery and requiring parenteral antisecretory drug, and it was round to be effective [46] (Fig. 2 , bottom).
Long-Term Medical Management of Gastric Acid Hypersecretion
Histamine H2-Receptor Antagonists. Long-term control of acid output has been well studied and shown to be possible with the three oral histamine H2-receptor antagonists: cimetidine, ranitidine, and famotidine [20] ( Fig. 1, bottom ; Table 1 ). On a weight basis, famotidine is approximately ninefold more potent than ranitidine and 32-fold more potent than cimetidine in patients with ZES [20, 21] . As the tablet content of famotidine (20 mg) is one-eighth that of ranitidine (150 mg) and onefifteenth that of cimetidine (300 mg), this increased potency is not a major advantage in terms of the number of tablets a given patient may be required to take per day to control acid secretion. However, the greater potency of famotidine allows some patients to stop taking an anticholinergic agent they required while taking cimetidine or ranitidine [21] . Furthermore, famotidine has a duration of action 1.3 times greater than that of cimetidine or ranitidine (Fig. 3 , top) [20] and allows some patients who required 4-hourly dosing of other histamine H 2-receptor antagonists to switch to 6-hourly dosing, and other patients to switch from 6-hourly to 8-hourly dosing [21] . Ranitidine or famotidine is preferable to cimetidine in men because the large doses of cimetidine required in some patients (>4.8 g/day) can have antiandrogen effects, leading to breast tenderness, gynecomastia, or impotence [12, 40, 55] . Furthermore, cimetidine, unlike ranitidine or famotidine, interferes with the metabolism of drugs by the hepatic mixed-function oxidase system; thus there is a greater possibility of significant drug Table 3 . Current recommended methodology to control gastric acid secretion in ZES.
Acute symptoms
1. Put nasogastric tube in dependent part of fundus and attach to low, continuous suction. bLess than 5 mEq/hr if the patient has had previous gastric surgery. y 24 hour cimetidine dose = total 24-hour IV cimetidine dose • 1.4. Give cimetidine every 6 hours. aOmeprazole is the drug of choice for oral control of gastric acid hypersecretion. Administer the first dose 1 to 2 hours after an IV bolus of cimetidine 150 mg.
eSuggested starting dose for patients with complicated ZES is omeprazole 60 mg ql2h.
interactions with cimetidine than with either of the other two histamine H2-receptor antagonists.
In studies at the National Institutes of Health (NIH), the mean daily dose of cimetidine required to control gastric acid hypersecretion was 3.6 g, that of ranitidine 1.2 g, and that of famotidine 0.25 g [15, 20] . To establish the effective oral dose of histamine H2-receptor antagonist, patients should be started on 300 mg of oral cimetidine 6-hourly, 150 mg of ranitidine 6-hourly, or 40 mg of famotidine 6-hourly (Table 3) . If gastric acid output is more than 10 mEq/hr during the last hour before the next dose of drug (>5 mEq/hr in patients with previous gastric surgery), the 6-hourly dose of drug should be increased ( Fig. 1, bottom) . If acid output is still more than 10 mEq/hr, the dose of drug should be increased further. Patients with ZES have been treated safely with doses of cimetidine as high as 12 g/day, ranitidine as high as 9 g/day, and famotidine as high as 800 mg/day for many months [21, 23] . Use of these drugs has not been associated with evidence of drug-related hematologic, hepatic, renal, central nervous system (CNS), or other toxicity. The reasons for patients with ZES requiring large doses of histamine Hn antagonists are multiple and not entirely clear [56] . Studies have reported that some patients with ZES have altered bioavailability of cimetidine [57] or parietal cell resistance to histamine H2-receptor antagonists [57, 58] . In a recent prospective study of 9 patients with ZES, 80% of the patients had abnormal cimetidine pharmacokinetics, with 30% having a decreased sensitivity of the acid secretory process to drug (i.e., parietal cell resistance), and in 50% there was delayed or decreased absorption of drug. No patients had evidence of increased drug elimination. In 20% no abnormality could be detected, suggesting that altered metabolism, tachyphylaxis, or increased basal acid output per se could be contributing to the increased dose requirements in some patients [56] . After controlling gastric acid hypersecretion initially, patients should have control of gastric acid hypersecretion checked at least yearly or if any new peptic symptoms develop because the dose requirement slowly increases with time. On average, one dose increase per year is required [12, 36] .
Anticholinergic Agents. Although anticholinergic drugs such as propantheline or isopropamide have only a small effect on gastric acid secretion when used alone in patients with ZES, when used with histamine H2-receptor antagonists potentiation is observed [59, 60] . Typicaily, the use of an anticholinergic agent alone reduces basal acid output by 15% to 25% [59] . However, when used with histamine H2-receptor antagonists, anticholinergic agents not only potentiate the action by increasing the extent of suppression of gastric acid secretion, they increase the duration of the effect of histamine H2-receptor antagonists [59, 60] . Thus whenever a patient required a large dose of histamine H2-receptor antagonist, an anticholinergic agent was frequently added prior to the availability of omeprazole [12, 40, 59, 60] .
Anticholinergic agents do have certain disadvantages. They require 3 days of administration to have their full effect, and they cause side effects, including dry mouth, constipation, and visual changes. Anticholinergic agents should be used with caution in patients with prostatism, glaucoma, partial gastric outlet obstruction, or severe esophageal disease. Because of antisecretory doses of histamine H2-receptor antagonist required in two patients with ZES. Top. Acid secretory data from a typical patient with ZES demonstrating the method for determining the minimum intravenous cimetidine infusion dose to reduce gastric acid output to less than 10 mEq/hr, the accepted level of control (dotted line). Basal acid output (54 mEq/hr) was determined off all antisecretory medication. In this patient, cimetidine 1 mg/kg/hr IV was insutt 9 to reduce gastric acid output to less than 10 mEq/hr. Increasing the infusion rate to 2 mg/kg/hr was also insufi 9
The minimum dose required to control gastric acid output was 3 mg/kg/hr. Bottom. Determination of the minimum 6-hourly dose requirement for famotidine, ranitidine, and cimetidine in a typical patient with ZES. The numbers at the top of the vertical bars indicate the dose of drug in grams per6 hours. Gastric acid output was measured during the 6th hour after each indicated dose of drug. Tbe dotted line represents an output of 10 mEq/hr, the accepted level of control. In this patient the minimum 6-hourly oral dose required to control gastric acid output was 0.06 g of famotidine, 0.9 g of ranitidine, or 2. 
H+K+-ATPase Inhibitors.
Omeprazole is the first widely used member of a new class of antisecretory drugs, the substituted benzimidazoles [61, 62] . These agents have a mechanism of action different from that of the histamine H2-receptor antagonists; they act by binding to a unique enzyme at the luminal aspect of the gastric parietal cell, the H+K § [62] . Omeprazole has a much longer duration of action than histamine H2-receptor antagonists (Table 3 ; Fig. 3, bottom) [30, 61] . In patients with ZES the effects of omeprazole are observed within 4 hours and last in excess of 48 hours [30] . Most patients with ZES who require histamine H2-receptor antagonists every 4 to 8 hours can be treated effectively with a single daily dose of omeprazole, although about 10% to 25% of patients require omeprazole every 12 hours [33, 36, 47] . In most studies gastric acid hypersecretion is controlled with less than 80 mg of omeprazole per day, but occasional patients require more than 200 mg/day [29, 31, 32, [34] [35] [36] [37] 47] .
Omeprazole has been given to patients with ZES for more than 4 years [33, 36, 47] . No significant drug-related hepatic, renal, hematologic, or other toxicity has been observed, nor have any clinically significant drug interactions been noted [33, 36, 47] . Omeprazole is now the drug of choice for treating patients with ZES because of its potency, long duration of action, and ease of use [43, 47] . Patients with ZES must continue to take omeprazole indefinitely unless cured surgically. The long-term use of omeprazole has led to concern because in animal toxicity studies rats given omeprazole for 2 years developed a proliferation of enterochromalfin-like (ECL) cells and carcinoid tumors of the stomach [63] . Mice, however, did not develop such tumors [63] . Further studies with rats suggested that the tumors were not due to a direct effect of omeprazole but were due to drug-induced hypergastrinemia [64] . In the rat, omeprazole induces achlorhydria, which in turn causes hypergastrinemia [64] . Indeed powerful histamine H 2-receptor antagonists are also capable of producing gastric tumors in rats, presumably through the same mechanism [64] . Fundectomy, partial corpectomy, and long-term infusion of gastrin 17 also increase the numbers of ECL cells; and fundectomy has been shown to result in the development of gastric carcinoid tumors [65] [66] [67] . Hypergastrinemic states in humans, such as in patients with ZES or pernicious anemia, are associated with an increased risk of gastric carcinoids [67] . If the dose The minimum dose requirement for each drug to reduce gastric acid output to less than 10 mEq/hr during the 6th hour after administration was determined in each patient. Thereafter, gastric acid output was measured from the beginning of the 6th hour to the end of the 12th hour in each patient with each of the three equipotent doses for famotidine, ranitidine, and cimetidine. Bottom: Duration of action of omeprazole in 5 patients with ZES. The minimum dose requirement for omeprazole to reduce gastric acid output to less than 10 mEq/hr during the last hour before the next dose of drug was determined. Gastric acid output was measured every 8 hours after the last dose of omeprazole. The dotted line represents the mean BAO for the subjects being tested prior to receiving these drugs. Results given are means from rive determinations. Studies demonstrate that hyperplasia of gastric endocrine cells occurs in patients with ZES, and gastric ECL cells are increased approximately twofold independent of any antisecretory agent [37, [67] [68] [69] [70] [71] [72] . In two studies with prolonged omeprazole treatment for up to 4 years, there was no further statistical increase in ECL cells [37, 68] . Gastric carcinoid tumors have been reported in patients with ZES [37, 47, [73] [74] [75] , some of whom were being treated with omeprazole [37, 76] . A recent review pointed out that in 15 of the 16 cases of gastric carcinoids reported in patients with ZES, there were sufficient data to determine whether the patients had MEN-I in addition to ZES [47] . In these 15 cases of ZES, 14 had MEN-I [47] . Because ZES with MEN-I comprises only 20% of all cases, these data suggest that gastric carcinoid tumors are much more common in patients with MEN-I. Of the 16 patients with gastric carcinoids, 14 had never taken omeprazole, whereas 2 patients had and both had MEN-I. These data suggest that the presence of MEN-I rather than omeprazole may be the important determinant of the development of gastric carcinoids in patients with ZES [47] .
Long-term treatment with omeprazole of patients with ZES has demonstrated no drug-related side effects [36, 47] . Furthermore, in one-third of patients the dose has had to be increased, it was decreased in one-third, and it has remained stable in one-third [47] . These results demonstrate that long-term tachyphylaxis does not occur, and in general the dose is increased less frequently with omeprazole than with histamine H2-receptor antagonists.
Lansoprazole, a new substituted benzimidazole that, unlike omeprazole, contains a fluorinated side chain [77] , is not yet available for general use in patients with ZES. A report comparing the use of lansoprazole and omeprazole in short-term control of gastric acid hypersecretion in 4 patients with ZES demonstrated similar et 9 and safety for both drugs, although lansoprazole possibly had a slightly shorter duration of action [38] . Ongoing studies at the NIH suggest that lansoprazole is both safe and effective for the long-term control of gastric acid hypersecretory states. Recent studies [39, 99] show that the potency, duration of action, efficacy, and safety profile of lansoprazole in patients with ZES is similar to those of omeprazole.
Prostaglandins, Somatostatin, and Other Antisecretory
Agents. Prostaglandin analogs such as 16,16-dimetbylprostaglandin E2 have been used to treat ZES [78, 79] . Although these agents have antisecretory activity, their low potency and dose-related side effects (i.e., diarrhea) limit their usefulness in ZES [78] .
The long-acting somatostatin analog octreotide inhibits gastric acid secretion by a direct effect and by lowering serum gastrin levels [78, 80] . In patients with ZES, octreotide effectively controls gastric acid hypersecretion [43, 78] and lowers serum gastrin levels, with a decrease into the normal range in about 30% of patients. Parenteral octreotide has also been used to control gastric acid hypersecretion in patients with ZES during surgery [81] . Two theoretic advantages of octreotide over other antisecretory medications make it potentially useful in patients with ZES. Octreotide may have an antitumor effect [78] , and by lowering serum gastrin it may also reverse the trophic effects of long-standing hypergastrinemia [78] . However, neither of these potential advantages are proved. The need for subcutaneous administration two to three times daily and the potential side effects of long-term use (gallstones, steatorrhea, abdominal discomfort) make its use for the control of gastric acid hypersecretion in ZES less attractive when compared with easily administered, well tolerated, oral alternatives [78] . Furthermore, because octreotide has an inhibitory effect on gastrointestinal motility, using it to control gastric acid hypersecretion during the perioperative period when patients cannot take oral medications may complicate postoperative management [78] .
In theory, gastrin receptor antagonists would be the ideal agents for control of gastric acid hypersecretion in patients with ZES. The ideal agent would have high affinity and specificity for the gastrin receptor, would be well absorbed after oral administration, and would have a long duration of action. Proglumide, a weak gastrin receptor antagonist, has been shown to be insufficiently potent for clinical use [78] .
Antacids are not useful for controlling gastric acid hypersecretion in patients with ZES. They cannot be given in sufficient quantities to neutralize the high output of hydrogen ions by gastric parietal cells in ZES [78] . Mucosal protectants such as sucralfate have not been proved to be effective in patients with ZES.
Control of Acid Hypersecretion in Special Circumstances
Patients With a Previous Partial Gastrectomy. Patients with ZES who have had a previous Billroth I or II gastrectomy require gastric acid secretion tobe reduced to lower values than do patients with normal gastric anatomy ( Table 2 ) [44] . When gastric acid secretion is lowered to less than 10 mEq/hr during the last hour before the next dose of drug in patients with a Billroth I or II gastrectomy with ZES, many still have evidence of mucosal disease, especially at the gastrojejunal anastomosis [44] . Some patients develop significant complications of ulcer disease despite acid outputs being less than 10 mEq/hr [44] . Only when antisecretory medication is increased so that acid output is less than 5 mEq/hr, and in some cases less than 1 mEq/hr, does all mucosal disease heal and is recurrence prevented [44] . In some of these patients omeprazole is the only drug capable of healing the mucosa completely [44, 78] . The reasons for the increased sensitivity of the operated stomach to acid are not known, but it may be that acid output is consistently underestimated in these patients. Nevertheless, patients who have had a partial gastrectomy with a Billroth I or II anastomosis should have gastric acid outputs lowered to less than 5 mEq/hr and then endoscopy to check for mucosal healing. If the mucosa is not normal, the dose of antisecretory medication should be increased and the adequacy of the drug dose checked by repeat endoscopy [44] .
Patients With Severe Esophageal Disease. Esophageal symptoms occur in 33% to 61% of patients with ZES in different series [48, 78] . In one large series 42% of the patients with ZES had esophageal abnormalities at endoscopy, and 8% of patients with ZES had severe esophageal disease with stricture formation (Table 2 ) [48] . When these patients were given sufficient antisecretory medication to lower gastric acid output to less than 10 mEq/hr, the strictures healed in about half the patients and the need for repeated esophageal dilation declined markedly or was abolished (Fig. 4) [48] . However, the other 50% of patients with strictures continued to form strictures and required repeated dilations despite acid output being less than 10 mEq/hr [48] . When such patients are given sufficient medication to reduce acid output to less than 1 mEq/hr (which rneans prescribing omeprazole, as only high doses of histamine H2-receptor antagonists are capable of reducing acid output to such levels), ail these patients improved markedly, reducing their need for dilation from once every 2 to 4 weeks to once every 3 to 6 months (Fig. 4) [48] . These results demonstrate that esophageal disease can be ditIicult to treat in patients with ZES, and only with omeprazole can it be controlled in many patients.
Patients Requiring Surgery. Many patients with ZES require
surgery at some time, whether it be for exploratory laparotomy for tumor resection, a highly selective vagotomy, a parathyroidectomy (see below), or an incidental surgical procedure. These patients require intravenous antisecretory medication during and after the procedure while they are unable to take oral medication. Prior to surgery ail patients should be given a continuous intravenous infusion of cimetidine or ranitidine, and gastric acid output should be measured (Table 3 ; Fig. 2) [45, 51, 52] . For patients in whom the oral dose of histamine H 2-receptor antagonist that reduces acid output to less than 10 mEq/hr during the last hour before the next dose of drug is known, the approximate intravenous dose can be calculated by multiplying the total oral daily dose by 0.7 and administering that quantity of intravenous drug as a continuous infusion over 24 hours [51] . The adequacy of this dose, however, should be checked by measuring acid output after a few hours to ensure that the output is less than 10 mEq/hr. If acid output is more than 10 mEq/hr, the dose of drug should be increased. Acid output should be rechecked during the early postoperative period, as in some patients drug requirements increase after surgery [51] . It should be realized that relatively high doses of intravenous cimetidine or ranitidine are required by many patients (Fig. 2,  top) [45, 51, 52] . The mean intravenous cimetidine dose required in one study [51] was 2.9 mg/kg/hr, but there was a wide range, from 0.5 to 7.0 mg/kg/hr. The minimal effective intravenous dose correlated closely with the previous oral dose of cimetidine (r = 0.96, p < 0.001), ranitidine, or famotidine (r = 0.95, p < 0.001) [51] . The regression equation of this correlation was intravenous cimetidine dose = 0.7 oral dose; therefore approximately 1.4 times the daily intravenous dose is required orally. In this study [51] patients were treated for up to 83 days with these intravenous doses without side effects or loss of efficacy. Another study demonstrated that a continuous intravenous infusion of ranitidine at 100% of the previously effective oral equivalent dose effectively controls gastric acid output in 95% of patients with ZES, thereby limiting the need for repeated dose adjustments and gastric output assessment in patients who require parenteral therapy [45] .
Intravenous omeprazole is not licensed in most countries, although a recent study demonstrated that it may be useful in patients with ZES who require parenteral antisecretory agents such as at the time of surgery [46] . In this study [46] 60 mg of omeprazole given by intravenous bolus every 12 hours controlled gastric acid secretion in 19 of 20 patients with ZES; one patient required 100 mg every 12 hours (Fig. 2, bottom) . No patient developed clinical, hematologic, or biochemical toxicity related to omeprazole even with treatment up to 15 days, and the drug remained effective [46] . Because of the ease of administration and its potency, intravenous omeprazole during surgery will likely become the drug of choice.
Patients Receiving Chemotherapy. Patients with metastatic
disease who require chemotherapy often develop chemotherapy-induced vomiting, which may interfere with the effectiveness of their antisecretory medication and lead to uncontrolled gastric acid output [82] . Such patients may require a continuous intravenous infusion of cimetidine or ranitidine to cover the period of vomiting. An alternative is for the patient to take oral omeprazole a few hours prior to beginning chemotherapy, which because of its long duration of action is able to control the acid hypersecretion during the period of vomiting.
Patients After Curative Gastrinoma Resection.
A recent large prospective study demonstrated that successful gastrinoma resection, defined as a normal fasting serum gastrin, negative provocative testing, and negative abdominal imaging, is possible in up to 50% of patients with sporadic ZES who undergo surgery [83] . Controversy exists regarding the chances for long-term cure, the selection of patients in whom to attempt curative resection, and the technicalities of the operation itself [16, 83--87] . These issues are beyond the scope of this review. The same study [83] demonstrated that long-term cure is possible in selected patients, and ongoing studies at the NIH suggest that 25% to 30% of patients remain cured 5 years after surgery. At present controversy also exists regarding the need for antisecretory medication postoperatively in patients who appear to be cured surgically [52, [86] [87] [88] [89] , as it is unknown whether curative surgery also reverses the trophic effects of chronic hypergastrinemia. The trophic effects of chronic hypergastrinemia in patients with ZES include a markedly increased parietal cell mass [90, 91] ; thus the reversal of the gastric trophic effect can be assessed by measuring the maximal acid secretory function in patients with ZES after curative resection. Gastric acid secretion and antisecretory drug requirements were recently analyzed in 20 patients who underwent curative gastrinoma resection (Fig. 5) [88] . After curative resection, the maximal acid output (MAO) level, a measure of parietal cell mass, decreased 50%, although it remained mildly elevated in 33% of patients at 3 to 6 months, 23% at 1 year, 45% at 2 years, and 0% at 3 and 4 years, respectively [88] . Although basal acid output decreased rapidly and stabilized within 6 months in ail patients, more than 60% of patients remained low level gastric acid hypersecretors for up to 4 years after surgery (Fig. 5) [88] . The mean daily ranitidine dose markedly decreased in patients after curative resection (from 1500 mg/day preoperatively to 300 mg/day 1-4 years postoperatively). Forty percent of patients required no antisecretory drug, and 60% required small doses of antisecretory medication to effectively control gastric acid [92] and women (5.6 mEq/hr) [92] . Bottom. Antisecretory dose requirements for control of gastric acid hypersecretion before and up to 4 years after curative gastrinoma resection. Control is defined as an acid output below 10 mEq/hr during the last hour before the next dose of drug [18, 36, 43] in patients without previous partial gastrectomy (n = 15) and below 5 mEq/hr during the last hour before the next dose of drug [44] in patients with previous partial gastrectomy (n = 3). The ranitidine equivalent dose is the amount of ranitidine or after converting from famotidine or cimetidine to ranitidine equivalent dose [20] for each patient. Two patients taking omeprazole preoperatively are excluded. The numbers in parentheses indicate the number of patients followed postoperatively for the indicated time. Each dot represents a patient who was able to discontinue antisecretory medication at the time specified. (Modified from ref. 88.) output (Fig. 5) [88] . It appears that the trophic effects of chronic hypergastrinemia on the gastric mucosa are reversed relatively rapidly after curative gastrinoma resection; but in a significant Fasting serum gastrin concentrations before and after parathyroidectomy in 10 patients. Except for patient 4, ail patients were normocalcemic after surgery. The dotted line represents the upper limit of normal for fasting serum gastrin. Right. Antisecretory drug requirements in 2 patients before and after parathyroidectomy. Acid output in patient 1 was suppressed for 7 hours but not for 8 hours after 150 mg ranitidine preoperatively. Postoperatively, the same dose of ranitidine caused improved suppression of acid output that persisted for at least 8 hours. Patient 2 required 160 mg of famotidine preoperatively to cause a inhibition of acid output similar to that caused by 120 mg of famotidine postoperatively at 5 hours after the last dose was administered. (Modified from ref. 93.) proportion of patients, mild basal gastric acid hypersecretion continues [88] . Patients who are apparently cured of ZES by surgical resection should therefore be carefully monitored and may require small doses of antisecretory medication, as guided by acid secretory studies [88] .
Surgical Management of Gastric Acid Hypersecretion
Prior to thoe advent of histamine H2-receptor antagonists, total gastrectomy was the only way to safely control gastric acid hypersecretion [1, 8, 9] . Even if a tumor was round at surgery and removed, surgeons were not confident leaving the stomach in place and thus performed a total gastrectomy [2, 10, 78] . Furthermore, any procedure less than a total gastrectomy led to increased mortality because of recurrent peptic ulceration [2, 10, 78] . Now that increasingly effective medical therapy is available, it is generally recommended that surgical management of acid hypersecretion be limited to a few special circumstances [15] .
Highly Selective Vagotomy
In patients with ZES, highly selective vagotomy has been recommended [86] . In 22 patients with ZES, highly selective vagotomy produced a mean fall in basal acid output of 41%, and drug requirements were reduced by a mean of 38% [86] , although no patient was able to stop medication completely. Highly selective vagotomy augmented the inhibitory effect of histamine H2-receptor antagonists on acid secretion. In ail but one patient gastric acid hypersecretion was satisfactorily controlled with no more than 2.4 g of cimetidine per day [86] . On the basis of these results it seems that highly selective vagotomy could reduce the cost of medical therapy but cannot replace it. However, follow-up in this study was relatively short, 6 weeks to 6 years with a median of 2 years, and the long-term effects of a highly selective vagotomy are therefore dilticult to assess. In addition, it has been suggested that highly selective vagotomy may make subsequent total gastrectomy more dilIicult and increase esophageal reflux [15] . Therefore it is currently recommended that this procedure not be used routinely [15] and be reserved for the occasional patient who at laparotomy has an unresectable tumor or no tumor but has a very high antisecretory drug requirement (i.e., >4.8 g of cimetidine per day) [12, 15] .
Parathyroidectomy in Patients with MEN-I
In patients with MEN-I, hyperparathyroidism exacerbates the symptoms of gastric acid hypersecretion from ZES. Most studies, but not all, show that a successful parathyroidectomy can ameliorate the manifestations of ZES [93] [94] [95] [96] . In a study of 10 patients with MEN-I who had hyperparathyroidism and ZES, fasting serum concentrations of gastrin, serum gastrin response to secretin provocation, basal and maximal gastric acid outputs, and drug requirements before and after parathyroidectomy were measured [93] . In the 9 patients who were rendered normocalcemic by surgery, basal acid output decreased in ail 9; and in 4 patients it fell to less than 10 mEq/hr (Fig. 6, left) . Serum gastrin concentrations also fell (Fig. 6, middle) . The control of the hypercalcemia increased the sensitivity of acid secretion to the effects of histamine H2-receptor antagonists such that a given dose of antisecretory medication became more effective (Fig. 6, right) [93] . In fact, after successful parathyroidectomy, 2 of the patients had no evidence of ZES, with normal fasting serum gastrin, a negative secretin provocative test, and acid output in the normal range. The 1 patient who remained hypercalcemic after surgery had no change in acid output, serum gastrin, or antisecretory drug requirement [93] . The results of this study suggest that in patients with MEN-I, hyperparathyroidism, and ZES, parathyroidectomy should be performed not only in those with symptomatic hypercalcemia but also in patients with high antisecretory drug requirements (i.e., >4.8 g cimetidine per day) [15, 84, 93] . Because patients with MEN-I have hyperplasia of ail four parathyroids, if relatively rapid postoperative recurrence of hyperparathyroidism is to be avoided, these patients should have either a 3.5-gland parathyroidectomy, or ail four glands should be removed and an implant placed in the forearm--even if at surgery only one gland is enlarged and the other three are of normal size [84] .
Total Gastrectomy
Total gastrectomy should be reserved for those occasional patients who will not or cannot take oral medication [15, 50] . In the original studies where patients were frequently dehydrated and in electrolyte imbalance, the mortality with total gastrectomy was high (i.e., 15%) [10] . With the availability of histamine H2-receptor antagonists, total gastrectomy in patients with ZES is now relatively safe. In 248 patients reported since 1980 overall operative mortality was 5.6%, and mortality after elective operations was 2.4% [97] . However, after total gastrectomy the degree of postoperative morbidity including weight loss, strictures, inability to eat normal-sized meals, and cramping abdominal pain with nausea or vomiting is unclear. Whereas one study [97] reported no long-term morbidity, another reported that ail 18 patients with ZES experienced one or several side effects including symptoms of esophageal reflux, early satiety, cramping, or diarrhea [28] . In 50% of the patients these side effects were moderate to severe, and in 3 patients (17% of the total series) additional complications developed including esophageal stenosis of the esophagogastric junction in 2 patients and severe, recurrent vomiting in 1 patient [28] . Thus the true morbidity associated with total gastrectomy may be significant and is probably underestimated in many series. 
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Resumen
Importantes avances en el control de la hipersecreci6n ~icida del est6mago en el sindrome de Zollinger-Ellison (SZE) han sido logrados en los tiltimos cinco afios. La creciente disponibilidad de potentes agentes que bloquean la secreci6n gfistrica ~icida, tales como antagonistas de los receptores histamfnicos H2 y mfis recientemente los inhibidores de la H+-Na § ATPasa como el omeprazol y el lansoprazol, han hecho posible el control m› de la secreci6n ficida en todos los pacientes. Un mayor conocimiento de la variable dosificaci6n entre pacientes individuales ha llevado a la identificaci6n de criterios que aseguren el eficaz control antisecretorio y al reconocimiento de subgrupos de pacientes que requieren monitorfa especial. Se han establecido regfmenes eficaces para el control antisecret6rio parenteral en el curso de la cirugfa. La importancia de la paratiroidectomia en pacientes con SNEM-1 y SZE y la posible utilidad de una vagotomia altamente selectiva han sido investigadas. En el presente articulo se revisa la nueva informaci6n, proveniente de nuestros propios estudios y de los de otros autores, que ha llevado al mejor conocimiento sobre cada una de › ~ireas.
